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ABSTRACT 
Changes i n  the  vegeta t ion  following d is turbance  by f e r a l  
p igs  i n  a subalpine grassland i n  Haleakala National Park were 
s t u d i e d  t o  determine i f  the n a t i v e  p l a n t s  could maintain dom- 
inance over introduced spec ies .  R e s u l t s  of vegeta t ion  sampling 
along t r a n s e c t s  e s t ab l i shed  through a 1 2 0  ha s t u d y  a rea  showed 
t h a t  na t ive  spec ies  dominated t h e  grass land;  however, 2 3 . 2 %  of 
the ground cover had been uprooted by p igs .  After t h e  vegeta t ion  
i n s i d e  a small fenced exclosure was monitored fo r  f i v e  years ,  i t  
was found t h a t  na t ive  and introduced spec ies  competed equal ly  for  
a reas  uprooted by p igs .  I t  was concluded t h a t  i f  f e r a l  p igs  con- 
t inue  t o  forage i n  t h e  g rass l and ,  introduced p l a n t  spec ies  w i l l  
continue t o  increase  i n  both cover and abundance. 
v i i  
RECOMMENDATIONS 
1. Eliminate p i g s  from the  Kalapawili grass land.  The 
r e s u l t s  ot t h i s  s t u d y  have shown t h a t  continued root ing of the 
area  by f e r a l  p i g s  w i l l  lead t o  an increase  i n  the  cover and 
abundance of introduced p l a n t  spec ies  i n  the  grass land.  I f  the 
p igs  a r e  e l iminated ,  t h e  na t ive  spec ies  w i l l  a t  l e a s t  maintain 
t h e i r  present  dominance of the  vegeta t ion .  
A pig-proof fence should be constructed a t  the  lower edge of 
the grassland where it mergps i n t o  the  n a t i v e  scrub vege ta t ion ,  
s t a r t i n g  from the  edge of Kipahulu Valley and running around the  
grass land,  up t o  the a rea  of Lau'ulu peak. 
A p re fe rab le  s o l u t i o n  would be t o  c o n s t r u c t ,  where fea-  
s i b l e ,  a pig-proof fence along t h e  v i c i n i t y  of t the  National Park 
boundary, on the  outer  north s lope  from Kipahulu Valley t o  
Ko'olau Gap, devia t ing  from t h e  a c t u a l  boundary l i n e  only where 
the t e r r a i n  w i l l  not  allow f o r  a secure fence.  T h i s  fence would 
a d d i t i o n a l l y  serve  a s  a b a r r i e r  t o  pig movements i n  t h e  na t ive  
scrubland on t h i s  s lope .  
2 .  Eliminate the  blackberry p l a n t s  which have, become es tab-  
l i s h e d  i n  the lower por t ions  of the  grassland and scrub.  Black- 
b e r r y  ( R  u b u s  penetrans)  has t h e  p o t e n t i a l  t o r  increasing i n  both 
d i s t r i b u t i o n  and abundance from the  p l a n t s  pre 'sently e s t ab l i shed  
i n  t h i s  a rea .  I t  could form impenetrable t h i c k e t s  w i t h i n  a few 
years .  The sooner these  p l a n t s  a r e  removed the  b e t t e r .  T h i s  
cont ro l  program should be coordinated w i t h  t he  Hawaii S t a t e  
Department of Land and Natural  Resources t o  a d d i t i o n a l l y  remove 
the blackberry p l a n t s  e s t ab l i shed  i n  the  upper por t ions  of  the  
na t ive  f o r e s t  i n  the  Ko'olau Forest  Reserve. 
3 .  Continue monitoring the vegeta t ion  i n s i d e  t h e  Kalapawili 
exclosure,  and determine long-term changes i n  t h e  grassland com- 
m u n i t y  tollowing removal ot the p i g s .  
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INTRODUCTION 
The na t ive  Hawaiian b i o t a ,  having developed under ex t ra-  
ordinary evolut ionary condi t ions ,  is  unique t o  the world 
(Zimmerman 1 9 4 8 ;  Car lqu i s t  1 9 7 0 ) .  A s  these volcanic  i s l a n d s  have 
always been extremely i so la ted  from con t inen ta l  ecosystems by  the  
v a s t  expanse of t h e  P a c i f i c  Ocean, only a very l imi ted  number of 
p l a n t s  and animals,  capable of being dispersed over long d i s -  
tances ,  became success fu l ly  e s t ab l i shed  i n  Hawai'i. Fosberg 
(1948) estimated t h a t  as few a s  272  o r i g i n a l  colonizing p l a n t  
taxa have given r i s e  t o  near ly  3000 taxa of Hawaiian flowering 
p l a n t s ,  9 9 %  of which a r e  endemic ( S t .  John 1973).  Similar r a t e s  
of  endemicity have been determined for  o ther  Hawaiian b io log ica l  
groups,  including i n s e c t s  (Zimmerman 1970) and f o r e s t  b i r d s  
(Berger 1 9 7 2 ) .  Notable groups of organisms which have never 
been p a r t  of t h i s  na t ive  b i o t a  include land mammals, r e p t i l e s ,  
amphibians, and p l a n t s  such a s  f i g s ,  bamboos, and con i fe r s .  
W i t h  the  a r r i v a l  of man i n t o  Hawai'i ,  f i r s t  from Polynesia ,  
between 1 5 0 0  and 2000 yea r s  ago, and more recen t ly  from Europe 
and America s t a r t i n g  i n  1778, a g r e a t  number of add i t iona l  p l a n t s  
and animals have been e i t h e r  purposely or acc iden ta l ly  introduced 
i n t o  the Is lands .  The establ ishment  and i n t e r a c t i o n  of these  
introduced spec ies  have d r a s t i c a l l y  a l t e r e d  the  ecosystems they 
have invaded, w i t h  subsequent reduct ion i n  numbers, displacement 
o f ,  o r ,  i n  many c a s e s ,  e l iminat ion  of t h e  na t ive  spec ies .  
Introduced herbivores  such a s  p igs  ( S u s  s c r o f a  L . ) ,  goa t s  
(Capra h i rcus  L . ) ,  sheep (Ovis a r i e s  L.), c a m e  (Bos t au rus  L . ) ,  
horses  *(Es caba l lus  L . 3 T n n e r ( A x i s  a x i s  (Elm have 
been, a n h i l l  a r e ,  primary f a c t o r s  i n  t m e g r a d a t i o n  of the  
na t ive  h a b i t a t s .  O f  these  l a r g e  ungulates ,  p igs  have been i n  
Hawai'i the  longes t ,  having f i r s t  been introduced by the  e a r l y  
Polynesian s e t t l e r s  (Tomich 1 9 6 9 ) .  However, t h e  Hawaiian pig or 
pua'a is presumed t o  have been r e l a t i v e l y  small  i n  s i z e ,  and f o r  
the most p a r t  remained around v i l l a g e s  i n  the  lowlands under 
semi-domestication. The p igs  brought by Captain James Cook i n  
1778, and subsequently by l a t e r  v i s i t o r s  t o  Hawai'i ,  were much 
l a rge r  animals which eventua l ly  in terbred  w i t h  and replaced the 
Polynesian stock and spread i n t o  the  upper e l eva t ion  h a b i t a t s  
(Tomich 1 9 6 9 ;  Warshauer 1980).  A l l  of the  o ther  l a r g e  mammals 
were introduced i n t o  t h e  Hawaiian I s l ands  s i n c e  1778 ,  and each 
new spec ies  soon resu l t ed  i n  added d e s t r u c t i o n  t o  the  na t ive  
b i o t a .  
-
I n  recent  yea r s ,  emphasis has been placed on s t u d y i n g  the  
e f f e c t s  which these introduced animals have on the  na t ive  
Hawaiian b i o t a ,  w i t h  the  i n t e n t i o n  of developing management 
s t r a t e g i e s  for  threatened communities and t h e i r  spec ies  elements. 
T h i s  paper r e p o r t s  the  r e s u l t s  of one s u c h  s t u d y  conducted from 
1 9 7 3  through 1978 t o  determine t o  what e x t e n t  d is turbance  by 
f e r a l  p igs ,  and subsequent invasion by introduced p l a n t  spec ies ,  
- were having on the  long-term s t a b i l i t y  of a na t ive  subalpine 
grassland on the  i s land  of Maui, Hawai'i. 
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DESCRIPTION OF THE STUDY AREA 
Field work was conducted i n  the  Kalapawili grass land,  
located on the outer  nor theas t  s lope of Haledkalg volcano 
( F i g .  1 ) .  The Kalapawili grassland is the  most extensive upland 
na t ive  grassiand found i n  Hawai'i ,  encompassing an area  olf 
approximately 1 2 0  ha ( 3 0 0  a c r e s )  between the  e l eva t ions  of 2255 
and 2440  m ( 7 4 0 0  & 8 0 0 0  f t ) .  I t s  e a s t e r n  and southern boundaries 
a re  sharply de l inea ted  by Kipahulu Valley and the Haleakalg 
s u m m i t  depress ion ,  r e spec t ive ly .  To the  north and west, however, 
the  grassland d i f f u s e s  i n t o  a subalpine scrub h a b i t a t .  Below 
2135 m ( 7 0 0 0  f t ) ,  t h e  scrub community g ives  way t o  a dense na t ive  
r a i n  f o r e s t  which then cont inues downslope t o  a t  l e a s t  4 9 0  m 
( 1 6 0 0  f t )  e l eva t ion  ( F i g .  2 ) .  The Kalapawili grassland is a 
regular  foraging a rea  fo r  t h e  endemic Hawaiian short- eared owl or 
pueo (Asia - flammeus sandwichensis) ,  Hawaiian g6ose or ngng 
(Branta sandv icens i s ) ,  and the  Golden Plover or Ko'lea ( P l u v i a l i S  
d-a) (Berger 1 9 7 2 ) .  
Native Plant  Species 
Twenty-one spec ies  of vascular  p l a n t s  were found i n  the  
grassland proper ,  15  of which were na t ive  and only s i x  introduced 
spec ies  (Appendix A ) .  The most dominant p l a n t  spec ies  by f a r  was 
the endemic bunchgrass Deschampsia a u s t r a l i s  which formed a very 
dense ground cover i n  a l l  a reas  except where heavi ly  uprooted by 
p igs .  Most of t h e  o ther  na t ive  spec ies  were found t o  be gen- 
e r a l l y  wide ly  d i s t r i b u t e d ,  b u t  i n  low abundance and cover: these  
included the -  na t ive  
(Pteridium a u i l i n u m ) ,  
berber i fol ium -+---mz 
hawaiiensis), I ama' uma 
p h e l i a e i a m e i a e )  , 
foun8- growing  i n  b e t t e  
rush,  Luzula hawaiiensis ,  bracken fe rn  
and a small spec ies  of ' h e l o  (Vaccinium 
l a r g e r  na t ive  shrubs--i .e.  , 'ska'la ( R u b u s  -
u ( S a d l e r i a  cya theo ides ) ,  ptlkiawe (Sty- 
and '8helo  (Vaccinium reticulaturn)--were 
r drained sites,  both i n  t h e  gulches which 
run 
(Forehand 1 9 7 0 ) .  
through the  grass land and on rock outcrops with-shallow s o i l  
Henrickson ( 1 9 7 2 )  reported t h a t  the  l a r g e  Maui greensword 
(Argyroxiphium vi , rescens Hbd.) was once common along the  upper 
por t ions  o t  Ka'lapawili Ridge .  T h i s  spec ies  is no longer found 
i n  the  a rea  and Henrickson speculated t h a t  i t  was el iminated by 
f e r a l  p igs ,  g o a t s ,  and/or c a t t l e  during the  p a s t  1 0 0  years .  One 
small group of Maui s i lverswords or 'Zhinahina ( A .  sandwicense) 
was recen t ly  found growing i n  the  upper por t ion  o r t h e  grassland 
near the peak Pijhaku-palaha; however, t h i s  population has s ince  
been destroyed by  goats .  Another small patch of s i lverswords 
s t i l l  p e r s i s t s  a t  a lower e l eva t ion  on t h i s  s lope  growing on 
r e l a t i v e l y  inaccess ib le  c l i f f s  a t  Pu 'u ' a l aea .  
3 1  
Introduced Plant  Species 
Three of  the  s i x  introduced p l a n t  spec ies  e s t ab l i shed  i n  the 
Kalapawili grassland- - velvetgrass  (Holcus l a n a t u s )  and two herba- 
ceous spec ies :  gosmore (H pochaeris  r a d i c a t a )  and sheep s o r r e l  
(Rumex acetosel1a)--were * K t h  widespread and f a i r l y  
common. Gosmore and sheep s o r r e l  were genera l ly  found  growing i n  
open s i t u a t i o n s ,  p a r t i c u l a r l y  where the g r a s s  cover was d is turbed  
and removed by p i g s .  Velvetgrass  was found growing i n  smal l ,  
dense patches b u t  a l s o  was found  invading pig- rooted a reas .  
The other  t h r e e  introduced spec ies  were found t o  have more 
r e s t r i c t e d  d i s t r i b u t i o n s :  the common toad rush (Juncus bufonius)  
and Glenwoodgrass (Sacc io le  is ind ica )  were f o u m y  adjacent  
t o  
land ,  and p r i ck ly  Flor ida  blackberry ( R u b u s  ene t rans )  only i n  
above Lake Wai'znapanapa ( F i g .  2 ) .  Blackberry more than doubled 
i t s  d i s t r i b u t i o n a l  a rea  i n  the  grassland between 1973  and 1980. 
T h i s  spec ies  i s  extremely aggressive and s t e p s  s h o u l d  be taken 
immediately t o  con t ro l  i t s  spread. 
a horse t r a i l  running ----l+- t r o u g h u p p e r  por t ion  of t h e  grass-  
the  lower por t ions  o f  the  s tudy a rea  both near g___i_i_ Pu u a l a e a  and 
FERAL ANIMALS 
Both f e r a l  p igs  and goa t s  were f requent ly  found i n  the  Kala- 
pawil i  grass land during t h i s  p r o j e c t .  Formerly c a t t l e  were a l s o  
- _  grazed i n  t h i s  a r e a ;  however, t h i s  p r a c t i c e  was discont inued i n  
1935 (Forehand 1 9 7 0 ) .  Although the  goa t s  continue t o  have a 
s e r i o u s  impact on t h e  na t ive  woody vegeta t ion  around the  grass-  
land and elsewhere on Haleakals (Yocom 1 9 6 7 ) ,  t h e i r  present  
impact on the  na t ive  spec ies  remaining i n  the  grassland was con- 
s idered  t o  be minimal. 
The g r e a t e s t  damage w i t h i n  t h i s  community was found t o  be 
caused by the  p i g s ,  pr imar i ly  because they uprooted extensive 
a reas  of the  vegeta t ion  while feeding. The p igs  were not r e s i -  
dent i n  the  grass land b u t  came up i n  the  l a t e  af ternoons and 
evenings from the  f o r e s t  and scrub communities below t o  feed. 
Generally they were seen feeding s i n g l y  or i n  small family 
groups,  moving slowly through the  a rea  i n  search of s u i t a b l e  
forage.  Their two prefer red  foods here were gosmore l eaves  and 






O B J E C T I V E S  OF THIS STUDY 
Three  major o b j e c t i v e s  were addressed i n  t h i s  p r o j e c t :  
To d e s c r i b e  q u a n t i t a t i v e l y  t h e  s p e c i e s  c o m p o s i t i o n  o f  t h e  
K a l a p a w i l i  g r a s s l a n d  as a whole ,  and t o  d e t e r m i n e  t h e  amount 
o f  area u p r o o t e d  by p i g s ;  
To d e t e r m i n e  t h e  r o l e  p i g s  p l a y  i n  t h e  i n t r o d u c t i o n  and 
e s t a b l i s h m e n t  o f  i n t r o d u c e d  p l a n t  s p e c i e s  i n  t h i s  g r a s s l a n d :  
and 
To d e t e r m i n e  t o  what e x t e n t  t h e  n a t i v e  v e g e t a t i o n  may be 
expected t o  r e c o v e r  if f e r a l  p i g s  were  e n t i r e l y  removed from 
t h i s  a rea .  
E s t a b l i s h m e n t  o f  Three  T r a n s e c t s  Through t h e  G r a s s l a n d  
The f i r s t  phase  o f  t h i s  p r o j e c t  was t o  d e t e r m i n e  t h e  d i s t r i -  
b u t i o n  and abundance  o f  t h e  p l a n t  species,  and t o  q u a n t i t a t i v e l y  
assess  t h e  d e g r e e  of p i g  r o o t i n g  t h r o u g h o u t  t h e  g r a s s l a n d .  For 
t h i s  p u r p o s e ,  t h r e e  t r a n s e c t s ,  e a c h  a p p r o x i m a t e l y  1000 m l o n g ,  
were l a i d  o u t  t h r o u g h  t h e  area  i n  J u l y  1973  ( F i g .  2 ) .  Two-by-two 
meter p l o t s  were sampled a t  20 m i n t e r v a l s  a l o n g  e a c h  t r a n s e c t  
l i n e .  I n  e a c h  p l o t ,  t h e  c o v e r  f o r  each p l a n t  s p e c i e s  p r e s e n t  was 
es t imated ,  and t h e  p e r c e n t  of  t h e  g round  a r e a  which had been  
r e c o g n i z a b l y  u p r o o t e d  by p i g s  was r e c o r d e d .  
P ig  r o o t i n g  was d i s t i n g u i s h e d  i n t o  t h r e e  c a t e g o r i e s  c o r r e -  
sponding  t o  t h e  r e l a t i v e  a g e  o f  d i s t u r b a n c e .  " F r e s h  r o o t i n g "  
was d e f i n e d  a s  ground which had o b v i o u s l y  b e e n  v e r y  r e c e n t l y  up- 
r o o t e d ,  t h e  o v e r t u r n e d  v e g e t a t i o n  s t i l l  g r e e n ;  " r e c e n t  r o o t i n g "  
showed t h e  ground s t i l l  n o t i c e a b l y  d i s t u r b e d  b u t  t h e  p l a n t  
m a t e r i a l  a l l  d e a d ;  and " o l d  r o o t i n g , "  i n  which mos t  o f  t h e  up- 
t u r n e d  l i t t e r  had d i s a p p e a r e d  from t h e  ground s u r f a c e ,  w i t h  some 
i n v a s i o n  o f  s e e d l i n g s  n o t e d .  
Mon i to r ing  V e g e t a t i o n  Changes I n s i d e  a Fenced Animal E x c l o s u r e  
I n  March 1 9 7 4 ,  a 1 0  x 40  m f e n c e d  a n i m a l  exclosure was con-  
s t r u c t e d  i n  a c e n t r a l  p o r t i o n  o f  t h e  K a l a p a w i l i  Ridge  g r a s s l a n d  
( F i g .  2). By p e r i o d i c a l l y  s ampl ing  t h e  v e g e t a t i o n  i n s i d e  t h e  
e x c l o s u r e ,  c h a n g e s  i n  t h e  p l a n t  s p e c i e s  c o m p o s i t i o n  and abundance  
were mon i to red  i n  a s i t u a t i o n  f r e e  from r e p e a t e d  p i g  d i s t u r b a n c e .  
A d d i t i o n a l l y ,  c o m p a r i s o n s  c o u l d  be made by  v i ewing  v e g e t a t i o n a l  
c h a n g e s  i n  t h e  a r e a  i m m e d i a t e l y  o u t s i d e  t h e  e x c l o s u r e ,  which 
c o u l d  s t i l l  be d i s t u r b e d  by  p i g s .  
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Ten 20  m-long t r a n s e c t s ,  e a c h  w i t h  10  m i n s i d e  t h e  f e n c e d  
a r e a ,  were l a i d  o u t  t h r o u g h  t h e  e x c l o s u r e ,  and two 5 m s egmen t s  
o u t s i d e  t h e  f e n c e  ( F i g .  3 ) .  When t h e  e x c l o s u r e  was c o n s t r u c t e d  
it was o r i e n t e d  so t h a t  T r a n s e c t s  1 t o  5 c o v e r e d  an  a r e a  which 
had r e c e n t l y  been  h e a v i l y  u p r o o t e d  by  p i g s ,  w h i l e  T r a n s e c t s  6 t o  
1 0  were l o c a t e d  i n  a l e s s  d i s t u r b e d  a rea .  Sampling a l o n g  e a c h  
t r a n s e c t  was c o n d u c t e d  u s i n g  t h e  p o i n t- f r e q u e n c y  t e c h n i q u e  
(Mueller-Dombois & E l l e n b e r g  1 9 7 4 ) ,  which employs an aluminum 
f rame 1 m l o n g ,  h o l d i n g  u p r i g h t  f i v e  p o i n t e d  s t e e l  r o d s .  As t h e  
frame is p l a c e d  on a 1 m segment  o f  t h e  t r a n s e c t ,  e a c h  o f  t h e  
f i v e  r o d s  is  lowered  t o  t h e  g r o u n d ;  wha teve r  i s  f i r s t  t ouched  by 
t h e  t i p  o f  t h a t  rod  is  r e c o r d e d  f o r  t h a t  sample  p o i n t .  By t h i s  
means,  t h e  v e g e t a t i o n  c a n  b e  c h a r a c t e r i z e d  i n  terms of p e r c e n t  
c o v e r ,  by t h e  number o f  p o i n t s  i n t e r c e p t i n g  e a c h  s p e c i e s .  One 
hundred  sample p o i n t s  were r e c o r d e d  f o r  e a c h  t r a n s e c t ,  50 p o i n t s  
i n s i d e  and 50 p o i n t s  o u t s i d e  t h e  e x c l o s u r e .  
The v e g e t a t i o n  i n s i d e  and o u t s i d e  o f  t h e  e x c l o s u r e  was 
sampled i n  b o t h  March and Oc tobe r  f o r  t h e  y e a r s  1974 t o  1976 ,  and 
i n  March o n l y  f o r  t h e  y e a r s  1977 and 1978.  
RESULTS 
Assessment  o f  P l a n t  Cover and P i g  Roo t ing  i n  t h e  G r a s s l a n d  
I n  summarizing t h e  i n f o r m a t i o n  g a t h e r e d  a l o n g  t h e  t h r e e  l o n g  
t r an sec t s  t h r o u g h  t h e  g r a s s l a n d  ( T a b l e  l ) ,  o f  t h e  p l a n t  s p e c i e s  
found t h e r e ,  o n l y  Deschampsia  a u s t r a l i s ,  v e l v e t g r a s s ,  and gosmore 
were r e c o r d e d  w i t h  g r e a t e r  t h a n  5% f o l i a g e  c o v e r .  Deschampsia 
was by  f a r  t h e  mos t  dominan t  s p e c i e s  w i t h  a mean c o v e r  v a l u e  o f  
57 .3%.  The o t h e r  n a t i v e  p l a n t  s p e c i e s  were found t o  c o v e r  j u s t  
l . l%, g i v i n g  a t o t a l  of l e s s  t h a n  6 0 %  c o v e r  f o r  a l l  t h e  n a t i v e  
s p e c i e s  i n  t h e  g r a s s l a n d .  T h i s  v a l u e  is compared w i t h  a t o t a l  o f  
18 .4% c o v e r  f o r  t h e  t h r e e  e x o t i c  s p e c i e s :  v e l v e t g r a s s  ( 9 . 5 % ) ,  
gosmore ( 8 . 0 % ) ,  and s h e e p  s o r r e l  ( 0 . 9 % ) ,  p l u s  23.2% o f  t h e  ground 
cove red  w i t h  p l a n t  l i t t e r  or  b a r r e n  g round  r e s u l t i n g  from p i g  
r o o t i n g .  
V e g e t a t i o n  Changes I n s i d e  and O u t s i d e  t h e  Fenced E x c l o s u r e  
A f t e r  a n a l y z i n g  t h e  r e s u l t s  of t h e  v e g e t a t i o n  sampl ing  i n-  
s i d e  and o u t s i d e  t h e  e x c l o s u r e  from 1974 t o  1978 ,  i t  was e v i d e n t  
t h a t  c h a n g e s  i n  t h e  v e g e t a t i o n  o u t s i d e  t h e  f e n c e  were v e r y  sirn- 
i l a r  t o  t h e  c h a n g e s  which took  p l a c e  i n s i d e  t h e  e x c l o s u r e .  
A p p a r e n t l y ,  t h e  p r e s e n c e  of t h e  f e n c e  was enough t o  keep  p i g s  
away from t h e  v i c i n i t y ,  a s  w i t h  few e x c e p t i o n s ,  l i t t l e  new 
r o o t i n g  was n o t e d  t h e r e  e a c h  time t h e  a r e a  was r e sampled .  T h e r e-  
f o r e ,  mos t  of  t h e  emphas i s  i n  t h i s  p h a s e  o f  t h e  s t u d y  was p l a c e d  
on a n a l y z i n g  c h a n g e s  i n  t h e  v e g e t a t i o n  i n s i d e  t h e  f e n c e ,  w i t h  a 
- known z e r o- l e v e l  of p i g  d i s t u r b a n c e  s i n c e  1974 .  
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TABLE 1. Summary of the  amount of pig root ing and p l a n t  cover 
from the  t h r e e  long t r a n s e c t s  i n  the  Kalapawili grass-  
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"Deschampsis a u s t r a l i s  
Holcus l a n a t u s  
9.2 
5 7 . 3  
9. 5 
8.0 Hypochaer is rad ica ta  
Rumex a c e t o s e l l a  0 . 9  
*Other spec ies  . 1.1 
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The change i n  p l a n t  cover f o r  the  por t ion  of t h e  exclosure 
t h a t  had i n i t i a l l y  been heavi ly  uprooted (Transec ts  1 - 5 1 ,  was 
considerably d i f f e r e n t  from what was seen i n  the  less d is turbed  
por t ion  (Transec ts  6 - 1 0 )  ( F i g .  4 ) .  For Transects  1 t o  5 ,  
Deschampsia showed a s t rong increase  each year from 1 9 7 4  t o  1 9 7 8 .  
Cover fo r  ve lve tg rass  a l s o  increased;  however, the  change became 
- markedly l e q s  a f t e r  1975 .  Gosmore showed an increase  t o  9 . 2 %  
i n  1 9 7 5 ,  then decreased s t e a d i l y  t o  2.8% cover i n  1978 .  Sheep 
s o r r e l ,  on the o ther  hand, was a t  i t s  h ighes t  cover value i n  1974  
( 9 . 6 % ) ,  then decreased s t e a d i l y  each year t o  2 . 0 %  i n  1978 .  No 
not iceable  change was seen i n  the  cover of the  other  p l a n t  spe- 
c i e s  recorded, which were a t  low l e v e l s  of cover from the  s t a r t .  
The i n i t i a l  increase ,  t h e n  decrease i n  t h e  abundance of 
gosmore and the  continued decrease i n  the  cover of sheep s o r r e l ,  
suggests  t h a t  these two spec ies  were e a r l y  s e r a 1  s p e c i e s ,  f o l -  
lowing t h e  i n i t i a l  d is turbance  of the  ground cover ,  bu t  were 
subsequently displaced by the  two g r a s s  spec ies .  
I n  c o n t r a s t ,  Transects 6 t o  1 0  showed l i t t l e  change i n  i n d i -  
vidual  p l a n t  spec ies  cover over the  years  sampled. Descham s i a  
1975 .  Velvetgrass showed a s l i g h t  increase  i n  cover i n  both 1 9 7 5  
and 1 9 7 6  but  decreased again t o  i t s  o r i g i n a l  level  by 1 9 7 8 .  Very 
l i t t l e  change was seen i n  the  cover va lues  for  the  remaining 
spec ies .  
increased s l i g h t l y  from 1 9 7 4  t o  1978 bu t  had a s l i g h t  -ecrease  i n  
Changes i n  P lant  Cover fo r  Each Transect 
I n  the above d i scuss ion ,  t r e a t i n g  the  t r a n s e c t s  a s  two 
groups i n  po r t ions  o f  the  exclosure which had been i n i t i a l l y  
d is turbed  and r e l a t i v e l y  undisturbed,  was usefu l  fo r  obtaining an 
overview of the  changes i n  p l a n t  cover a f t e r  removing the  
inf luence of  p i g s  from the  a rea .  However, c l o s e r  examination of  
the d a t a  showed t h a t  many of . the  t r a n s e c t s  s t a r t e d  w i t h  d i f f e r e n t  
amounts o f  each spec ies ,  and consequently changed i n  a s l i g h t l y  
d i f f e r e n t  manner than indica ted  by t h e  two groups. Therefore,  
t o  more r e a l i s t i c a l l y  follow t h e  p lan t  succession from these  d i f -  
f e r e n t  s t a r t i n g  poin ts  of spec ies  composition, changes between 
each t r a n s e c t  were a l s o  compared fo r  the  years  1 9 7 4 ,  1 9 7 6 ,  and 
1978 .  
One way t o  compare changes i n  p l a n t  cover for  a l l  1 0  t ran-  
s e c t s  over the  th ree  years  analyzed i s  t o  examine graphs of  
percent cover for  the  d i f f e r e n t  spec ies .  However, t h i s  method 
was found  t o  be d i f f i c u l t  owing t o  the  f a c t  t h a t  1 0  t r a n s e c t s  
sampled fo r  th ree  years  gave a t o t a l  of 450  paired comparisons 
which could be made. 
As an a l t e r n a t i v e ,  Bray and C u r t i s  o rd ina t ion  p l o t s  were 
used t o  d i sp lay  the  r e l a t i o n s h i p s  between a l l  t r a n s e c t s ,  f o r  a l l  
t h ree  yea r s ,  i n  a s i n g l e  f i g u r e .  T h i s  m u l t i v a r i a t e  technique of 
p l o t  a n a l y s i s  i s  based on a s i m i l a r i t y  index between p a i r s  o f  
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p l o t s  ( i n  t h i s  case ,  t r a n s e c t s  fo r  each y e a r ) ,  determined by 
the  q u a n t i t a t i v e  values of spec ies  common t o  each p a i r .  The 
s i m i l a r i t y  i n d e x  used i n  t h i s  case was Bray and C u r t i s '  mod i f i-  
ca t ion  of Sorensenls q u a n t i t a t i v e  i n d e x ,  which is ca lcu la ted  by 
summing up the l e s s e r  cover values fo r  each spec ies  shared by t h e  
pa i r  of p l o t s  ( i n  t h i s  case ,  450  c a l c u l a t i o n s ) .  Each s i m i l a r i t y  
index is then converted t o  a d i s s i m i l a r i t y  value ( i . e . ,  t he  
r e l a t i v e  d i f fe rence  between each p a i r  of p l o t s )  by sub t rac t ing  
the  s i m i l a r i t y  i n d e x  from 1 0 0 .  A d e t a i l e d  explanat ion o f  t h i s  
o rd ina t ion  technique is given by Mueller-Dombois and Ellenberg 
( 1 9 7 4 ) .  
A two-dimensional graph is  then generated by geometr ical ly  
p l o t t i n g  the  r e l a t i v e  p o s i t i o n s  of each sample p l o t  from se lec ted  
end-point p l o t s ,  on both the x- and y-axes. I n  such a d i s p l a y ,  
sample p l o t s  which a r e  located c lose  t o  each o ther  on the graph 
a r e  r e l a t i v e l y  s imi la r  i n  spec ies  composition, and those which 
a re  widely separated a r e  l e s s  s i m i l a r .  
I n  t h i s  case ,  each year for  each t r a n s e c t  was i n i t i a l l y  
t r ea ted  a s  a sepa ra te  vegeta t ion  sample, y ie ld ing  30 d i f f e r e n t  
p l o t s  ( 1 0  t r a n s e c t s  per year fo r  three  y e a r s ) .  The x- and 
y-coordinates for  each sample were then ca lcula ted  a s  described 
above, and p lo t t ed  on an o rd ina t ion  graph. F i n a l l y ,  each o f  the  
30 ord ina t ion  po in t s  was i d e n t i f i e d  a s  t o  t r a n s e c t  number and 
year ( F i g .  5 ) .  I f  the  o rd ina t ion  pos i t ions  for  the two t r a n s e c t s  
a re  displayed for  each year ,  a not iceable  progression can be seen 
i n  the  p l o t s ,  s t a r t i n g  w i t h  a widely-dispersed p a t t e r n  fo r  t h e  
1 0  t r a n s e c t s  i n  1 9 7 4  ( F i g .  6 ) ,  a c lose r  p a t t e r n  i n  1 9 7 6  ( F i g .  7 ) ,  
and an even c lose r  p a t t e r n  for  the  1 0  t r a n s e c t s  i n  1978  ( F i g .  8 ) .  
o rd ina t ion  pos i t ion  were t r a n s e c t s  1, 2 ,  3 ,  and 4 ,  between 1 9 7 4  
and 1 9 7 6 .  Those four t r a n s e c t s  were the  most heavi ly  d is turbed  
when the  exclosure was b u i l t  i n  1 9 7 4 .  The o rd ina t ion  p o s i t i o n  of 
t r a n s e c t  1 0 ,  however, changed l e a s t  of  a l l  over the  years ,  i n d i -  
ca t ing  i ts  vegeta t ion  composition was f a i r l y  s t a b l e  over the  four 
years  sampled. 
' Moreover, the  t r a n s e c t s  which showed the  g r e a t e s t  change i n  . 
D I S C U S S I O N  
By following the  changes i n  p l a n t  spec ies  composition and 
cover i n  the  1 0  x 40  m exc losure ,  a successional  model has been 
developed t o  p r e d i c t  how the  vegeta t ion  of the  grassland a s  a 
whole may s t a b i l i z e  i f  t h e  inf luence of p igs  i s  removed. One 
bas ic  quest ion which was addressed i n  t h i s  p r o j e c t  was whether 
or n o t  the na t ive  spec ies  can maintain,  or even inc rease ,  t h e i r  
dominance w i t h i n  the  community, or whether the  e x o t i c  s p e c i e s ,  
p r i n c i p a l l y  ve lve tg rass ,  w i l l  increase  i n  cover without the  
inf luence  of p igs .  
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The 1 0  t r a n s e c t s  sampled i n  t h e  f e n c e d  e x c l o s u r e  show t h e  
t y p e s  o f  change  which may be e x p e c t e d .  R e t u r n i n g  t o  t h e  o r d i n a-  
t i o n  p l o t ,  an  a t t e m p t  was made t o  i d e n t i f y  g r o u p s  o f  t r a n s e c t s ,  
’ r e g a r d l e s s  o f  y e a r  , which showed s imi la r  species  c o m p o s i t i o n  
( F i g .  9 ) .  S i x  g r o u p s  o f  p l o t s  were i d e n t i f i e d ,  which  a r e  
d e s c r i b e d  i n  Table 2. Group A r e p r e s e n t s  v e g e t a t i o n  s a m p l e s  mos t  
- domina ted  b y  n a t i v e  s p e c i e s  ( i . e . ,  Deschamps ia ) ,  w h i l e  Group F 
i n c l u d e s  t h o s e  samples most  h e a v i l y  d i s t u r b e d  and w i t h  t h e  l e a s t  
c o v e r  by  n a t i v e  s p e c i e s .  
When t h e  p l o t  g r o u p s  f o r  t h e  1 0  t r a n s e c t s  i n  1974 a r e  com- 
pared w i t h  t h e  g r o u p s  f o r  t h e s e  t r a n s e c t s  i n  1976 and 1978 ,  o n l y  
one  t r a n s e c t  ( T r a n s e c t  1 0 )  remained  w i t h i n  t h e  same g r o u p  f o r  a l l  
t h r e e  y e a r s  a n a l y z e d .  The g r e a t e s t  t o t a l  change  was s e e n  i n  
T r a n s e c t s  1 t o  4 ,  which were t h e  mos t  h e a v i l y  d i s t u r b e d  i n  1974.  
Of t h e  r ema in ing  t r a n s e c t s ,  1 and 3 remained  i n  Group E f o r  
1976 and 1978 ,  and T r a n s e c t s  6 and 7 remained  i n  Group B f o r  
these same two y e a r s .  I f  t h e  s p e c i e s  c o m p o s i t i o n  o f  t h e  t r a n -  
s ec t s  c a n  be c o n s i d e r e d  t o  have  s t a b i l i z e d  by  n o t  r e f l e c t i n g  a 
change  i n  g r o u p  f o r  two sample p e r i o i d s ,  t h e n  Group B and E may 
r e p r e s e n t  r e l a t i v e l y  s t a b l e  s u c c e s s i o n a l  e n d- p o i n t s  a l o n g  w i t h  
Group A .  T h i s  b e i n g  t h e  case,  T r a n s e c t  5 ,  which j o i n e d  Group B 
i n  1978 ,  would n o t  be e x p e c t e d  t o  change  s i g n i f i c a n t l y  e i t h e r  i n  
t h e  n e a r  f u t u r e ;  t h e  r ema in ing  f o u r  t r a n s e c t s - - 2 ,  4 ,  8 ,  and 9-- 
were a l l  i n  Group D i n  1978 .  I n  b o t h  i n s t a n c e s  when t r a n s e c t s  
were i n c l u d e d  i n  Group D i n  t h e  p a s t  ( T r a n s e c t  7 i n  1974 and 5 i n  
1 9 7 6 ) ,  t h e y  h a v e  a lways  changed  t o  Group B i n  t h e  n e x t  s ampl ing  
p e r i o d .  T h e r e f o r e ,  it m i g h t  be expected t h a t  T r a n s e c t s  2 ,  4 ,  8 ,  
and 9 w i l l  a l s o  s t a b i l i z e  i n  Group B. 
P l a n t  S u c c e s s i o n  Scheme 
The s u c c e s s i o n  from heavy  p i g  d i s t u r b a n c e  t o  a s t ab l e  p l a n t  
c o v e r  was found t o  be as  f o l l o w s .  I n i t i a l  c o l o n i z a t i o n  o f  d i s -  
tu rbed  ground is  by t h e  f a s t  g rowing  h e r b a c e o u s  species  gosmore 
and s h e e p  s o r r e l .  A f t e r  one  y e a r ,  t h e  g r a s s e s  Descham s i a  and 
o u t  t h e  h e r b s .  From t h i s  p o i n t ,  t h e  amounts  o f  Deschampsia  and 
v e l v e t g r a s s  b o t h  s t e a d i l y  i n c r e a s e ,  c o v e r i n g  a l l  o f  t h e  b a r r e n  
g round .  The p l a n t  c o v e r  s t a b i l i z e s ,  domina ted  i n  a l l  cases h e r e  
by Deschampsia ,  b u t  w i t h  two d i f f e r e n t  l e v e l s  o f  v e l v e t g r a s s :  
g r e a t e r  t h a n  2 0 %  f o r  Group E ,  and 1 0 %  t o  2 0 %  f o r  Group B.  These  
d i f f e r e n t  amounts  o f  e s t a b l i s h e d  c o v e r  o f  v e l v e t g r a s s  p r o b a b l y  
r e f l e c t  t h e  amount o f  t h i s  species  i m m e d i a t e l y  a d j a c e n t  t o  t h e  
d i s t u r b e d  a r e a .  I n  o n l y  o n e  i n s t a n c e  d u r i n g  t h e  y e a r s  i n  which 
t h e  e x c l o s u r e  was m o n i t o r e d ,  d i d  t h e  amount o f  v e l v e t g r a s s  
d e c r e a s e  more t h a n  1 0 %  c o v e r ,  w i t h  a c o r r e s p o n d i n g  i n c r e a s e  i n  
Deschampsia .  S i m i l a r l y ,  no case was s e e n  i n  which Descham s i a  
b o u n d a r i e s  be tween  Deschampsia  and v e l v e t g r a s s  a r e  r e l a t i v e l y  
v e l v e t g r a s s  become r e e s t a b l i s h e d  i n  t h e  a rea  and +e g i n  t o  crowd 
decreased by  more t h a n  2 0 % .  I n  o t h e r  words ,  i t  a p p e a r s  + t a t  t e 
TABLE 2 .  Descript ion of the  six p l o t  groups recognized on the  o rd ina t ion  diagram ( F i g .  9 ) .  
PLOT GROUP DESCRIPTION 
A 
B 
Abundant Deschampsia ( 8 0 %  c o v e r ) ,  l i t t l e  Holcus ( 5 %  cover)  
Abundant Deschampsia ( 8 0 %  c o v e r ) ,  much Holcus ( 1 0  - 20% cover) 
C Much Deschampsia ( 6 0  - 80% c o v e r ) ,  l i t t l e  Holcus ( 5% cover) 
D Much Deschampsia ( 6 0  - 8 0 %  c o v e r ) ,  much Holcus ( 1 0  - 20% cover) 
E Abundant Holcus ( 2 0 %  c o v e r ) ,  much Deschampsia ( 6 0  - 8 0 %  cover)  
F Heavily d i s t u r b e d ,  l i t t l e  Deschampsia ( 40%), l i t t l e  Holcus ( 5% cover) 
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f i x e d  once  t h e y  r e c o l o n i z e  a l l  o f  t h e  ground which  had been 
u p r o o t e d .  
The o t h e r  s t a b l e  p l a n t  c o v e r  s t a t e  is t h e  s i t u a t i o n  i n  which 
Deschampsia is  v e r y  a b u n d a n t  ( g r e a t e r  t h a n  8 0 %  c o v e r ) ,  w i t h  v e r y  
l i t t l e  v e l v e t g r a s s  p r e s e n t .  T h i s  was s e e n  o n l y  i n  t h e  case o f  
T r a n s e c t  1 0 ,  which d i d  n o t  move o u t  o f  Group A o v e r  t h e  y e a r s  
sampled .  T h i s  s u g g e s t s  t h a t  i f  t h e  Deschampsia  c o v e r  is  n o t  d i s -  
t u r b e d ,  o r  o n l y  v e r y  s l i g h t l y  s o ,  Deschampsia  w i l l  m a i n t a i n  
a l m o s t  c o m p l e t e  dominance o f  t h e  v e g e t a t i o n .  
CONCLUSION 
D e s p i t e  t h e  f a c t  t h a t  t h e  K a l a p a w i l i  Ridge  g r a s s l a n d  shows a 
h i g h  d e g r e e  o f  d i s t u r b a n c e  by p i g  r o o t i n g  (23.2%), t h e  v e g e t a-  
t i o n  i s  s t i l l  domina ted  by  n a t i v e  s p e c i e s ,  p r i m a r i l y  Descham s i a  
a u s t r a l i s .  However, based on t h e  r e s u l t s  o f  t h e  e x c l o s u r e  _1%1 s t u  y 
e a c h  time t h e  v e g e t a t i o n  h e r e  i s  h e a v i l y  d i s t u r b e d  by  r o o t i n g ,  
e x o t i c  p l a n t s- - m a i n l y  v e l v e t g r a s s - - w i l l  become b e t t e r  e s t a b l i s h e d  
and e v e n t u a l l y  i n c r e a s e  i n  t o t a l  c o v e r  i n  t h e  g r a s s l a n d .  These  
r e s u l t s  concur  w i t h  t h e  f i n d i n g s  o f  S p a t z  and Mueller-Dombois 
( 1 9 7 5 )  i n  a s imi la r  n a t i v e  g r a s s l a n d  community i n  Hawaii Vol- 
c a n o e s  N a t i o n a l  Park  on t h e  i s l a n d  o f  Hawai'i. 
I n  o r d e r  t o  m a i n t a i n  t h e  dominance o f  n a t i v e  p l a n t  s p e c i e s  
i n  t h i s  h a b i t a t ,  t h e  p i g s  and g o a t s  need t o  be t o t a l l y  removed 
from t h i s  a rea  a s  soon  a s  p o s s i b l e .  The mos t  f e a s i b l e  means t o  
- accompl i sh  t h i s  now is t o  c o n s t r u c t  a p ig- proof  f e n c e  a l o n g  t h e  
lower  bounda ry  o f  t h e  g r a s s l a n d ,  augmented by p e r i o d i c  h u n t i n g  o f  
animals which manage t o  g e t  back i n t o  t h i s  a rea .  
The l o n g e r  t h i s  c o n t r o l  measure i s  p u t  o f f ,  t h e  b e t t e r  
e s t a b l i s h e d  these  and p e r h a p s  even  more a g g r e s s i v e  i n t r o d u c e d  
s p e c i e s  w i l l  become. A s  t h i s  i s  t h e  o n l y  r e l a t i v e l y  i n t a c t  
n a t i v e  s u b a l p i n e  g r a s s l a n d  r ema in ing  i n  Hawai ' i ,  t h e  u rgency  i n  
t h i s  r e s p e c t  i s  f u r t h e r  u n d e r s c o r e d .  
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FIGURE 2 .  Map showing t h e  d i f f e r e n t  v e g e t a t i o n  t y p e s  found on Kalapawil i  Ridge and 
t h e  l o c a t i o n  of t h e  t h r e e  long t r a n s e c t s  and fenced exc losu re  i n  t h e  
n a t i v e  g ra s s l and .  
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F I G U R E  3 .  Lay-out of t h e  f e n c e  and t h e  t r a n s e c t s  f o r  t h e  
Kalapawili Ridge e x c l o s u r e .  
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F I G U R E  4 .  Plant species cover for  Transects 1 t o  5 and 6 t o  1 0  
inside the Kalapawili Ridge exc,losure for  the years 
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X - AXIS 
FIGURE 5 .  Bray and C u r t i s  o r d i n a t i o n  p l o t  of T r a n s e c t s  1 t o  10 
i n s i d e  t h e  e x c l o s u r e  f o r  t h e  y e a r s  1974 (o) I  1976 (a)# 
and 1978 (0. 




FIGURE 6.  Bray and C u r t i s  o r d i n a t i o n  p l o t  of T ransec t s  1 t o  1 0  









FIGURE 7 .  Bray and C u r t i s  o r d i n a t i o n  p l o t  of T r a n s e c t s  1 t o  10 
i n s i d e  t h e  e x c l o s u r e  f o r  t h e  yea r  1 9 7 6 .  
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X - AXIS 
FIGURE 8.  Bray and C u r t i s  o r d i n a t i o n  p l o t  of  T r a n s e c t s  1 t o  1 0  




x - AXIS 
FIGURE 9. Bray and C u r t i s  o r d i n a t i o n  p l o t  showing T r a n s e c t s  
1 t o  1 0  i n s i d e  t h e  exc losu re  f o r  t h e  y e a r s  1974 (o ) I  
1 9 7 6  (n ) l  and 1978 (o)l w i t h  P l o t  Groups A-F a s  
desc r ibed  i n  Table 2 .  
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APPENDIX A 
L i s t  o f  p l a n t  species found  i n  t h e  Kalapawili  Ridge  g r a s s l a n d .  
( E  = Endemic; I = I n d i g e n o u s ;  X = E x o t i c  or I n t r o d u c e d )  
PTERIDOPHYTA 
ASPIDIACEAE: S h i e l d  F e r n  Fami ly  
Dr 0 t e r i s  l a b r a  (Brack.)  0. K t z e . ;  ( E ) ;  K l l a u .  *2m - C .  Chr . ;  ( E ) ;  Laukah i .  
BLECHNACEAE: Blechnum Fami ly  
S a d l e r i a  c y a t h e o i d e s  Kau l f  .; ( E ) ;  'Ama'uma'u.  
DENNSTAEDTIACEAE: 
P t e r i d i u m  a q u i l i n u m  ( L . )  Kuhn. 
va r .  decomposi tum (Gaud. )  T ryon ;  ( I ) ;  Bracken .  
MONOCOTYLEDONAE 
CYPERACEAE: Sedge Fami ly  
Carex a l l i g a t a  F. Boott ;  ( E ) ;  Hawaiian s e d g e .  - C .  macloviana D'Urv.;  ( I ) ;  S t .  Malo's s e d g e .  
U n c i n i a  s w . :  ( E l .  
GRAMINEAE:  Grass Fami ly  
Deschampsia  a u s t r a l i s  Nees ex S t e u d . ;  ( E ) .  
Holcus l a n a t u s  L . ;  ( X ) ;  V e l v e t g r a s s .  
S a c c i o l e p i s  i n d i c a  ( L . )  Chase ;  ( X ) ;  Glenwoodgrass .  
JUNCACEAE: Rush Fami ly  
J u n c u s  b u f o n i u s  L . :  (XI: Common t o a d  r u s h .  . . . .  
L u z u l a  h a w a i i e n s i s  Buch.; ( E ) .  
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DICOTYLEDONAE 
COMPOSITAE: Sunf lower  Fami ly  
Argyroxiphium sandwicense  DC. ; (E) ; ' X h i n a h i n a .  
Hypochaeris r a d i c a t a  L . ;  ( X ) ;  Gosmore. 
EPACRIDACEAE: Epacris Family 
S t y p h e l i a  tameiameiae (Cham.) F. M u e l l . ;  ( E ) ;  Pzk iawe .  
ERICACEAE: Heath Fami ly  
Vacc in ium berberifol ium (Gray)  Skot tsb. ;  ( E ) ;  ':helo. 
V.  re t icu la tum Sm.; ( E ) ;  'chela. 
1 
b 
POLYGONACEAE: Buckwhea t  F a m i l y  
Rumex a c e t o s e l l a  L . ;  ( X ) ;  Sheep s o r r e l .  
ROSACEAE: Rose Fami ly  
F r a g a r i a  c h i l o e n s i s  ( L . )  Duch.  
Rubus hawa i i ens i s  Grav: ( E l :  '%kala .  
v a r .  s a n d w i c e n s i s  Deg. & De .; ( E ) ;  'zhelo-papa. 
~ 1 .  . . .  - R. pene t r ans  B a i l e y ;  ( X ) ;  P r i c k l y  F l o r i d a  blackberry.  
I 
RUBIACEAE:  Coffee Family 
Coprosma ernodeoides Gray; ( E ) ;  Kckae-nsns. 
I 
